Introduction {#S0001}
============

Endometriosis is a complex gynecological disorder, often associated with chronic problems such as dysmenorrhea, dyspareunia, pelvic pain, and infertility, characterized by a multifactorial involvement of genetic, hormonal, immunological and environmental components. Histogenesis of endometriosis is still not completely understood, and it is generally accepted that retrograde menstruation plays a central role, being present in almost 90% of women. On the other hand, while most women have retrograde menstruation to some extent, only about 6-10% will develop endometriosis \[[@CIT0001]--[@CIT0003]\]. Morphologically, it is characterized by the implantation and growth of endometrial tissue outside the uterine cavity. Endometriosis is experienced by around 10% of women of reproductive age and up to 30-50% of infertile women \[[@CIT0004]\].

The exact pathophysiology of endometriosis is still unclear, but both environmental and genetic factors have been implicated in the occurrence and progression of the disease. Family studies regarding endometriosis have indicated an increased risk for close relatives of patients with endometriosis, thus suggesting that genetics might have a contribution \[[@CIT0005]\]. Moreover, some very recent studies have implicated certain genetic polymorphisms in the development and progression of endometriosis \[[@CIT0006]--[@CIT0008]\], although the exact genes involved are still unknown.

A recent theory regarding endometriosis pathophysiology is suggesting that it is an inflammatory disease, which is involving a shift towards Th2-type immune response. Th2 cytokines (interferon γ -- IFN-γ, interleukin 10 -- IL-10) serum and peritoneal levels were significantly higher in patients with endometriosis compared to those free of disease \[[@CIT0009], [@CIT0010]\].

Interleukin 4 and IL-10 family are the main Th2 cytokines, having a known anti-inflammatory effect. Several lines of evidence indicate that Th2 immune response is associated with endometriosis. Interleukin 4 is a cytokine with both stimulatory and inhibitory effects on the inflammatory system, such as macrophage inhibition and T-cell activation. Increased concentrations of IL-4 were previously reported in endometriotic tissues and elevated levels of IL-4 were observed in patients with endometriosis, both in plasma and peripheral blood mononuclear cell (PBMC) supernatants. On the other hand, no difference was found between IL-4 concentrations in women with different stages of endometriosis \[[@CIT0011], [@CIT0012]\]. A very recent study investigating serum and peritoneal fluid (PF) immunological markers in adolescent girls with chronic pelvic pain found that adolescents with endometriosis had significantly higher concentrations of IL-4 \[[@CIT0013]\]. In the same line, a study aimed to investigate a possible role of IL-4 in the development of endometriosis suggested that proliferation of endometriotic stromal cells induced by locally produced IL-4 is involved in the development of endometriosis \[[@CIT0014]\].

Regarding the serum and peritoneal levels of IL-4 in endometriosis, one could speculate that women having a pathological secretion of IL-4, which could be determined by a genetic polymorphism of the gene encoding IL-4, may be more susceptible to develop endometriosis. The gene encoding IL-4 has been mapped on chromosome 5 and, moreover, a polymorphism consisting of a C to T exchange at position 590 upstream from the open reading frame *(-590C/T)*, that is associated with greater luciferase activity has been described \[[@CIT0015]\]. Previous studies involving IL-4 *(-590C/T)* genetic polymorphism have found a negative correlation with endometriosis \[[@CIT0016], [@CIT0017]\].

In the present study, we have investigated IL-4 serum levels in patients with advanced endometriosis and whether IL-4 promoter region *(-590C/T)* genetic polymorphisms are involved in a genetic susceptibility to endometriosis.

Material and methods {#S0002}
====================

Design {#S20003}
------

A case-control study was conducted and included 165 patients divided into two groups as follows: **Group I** (endometriosis group) -- 80 women with regular menses and with no history of pelvic infections, autoimmune and neoplastic diseases, undergoing laparoscopy or laparotomy for suspected endometriosis. Histopathological examination established the endometriosis diagnosis for all included patients. The severity of endometriosis was staged according to the revised American Society for Reproductive Medicine (rASRM) classification; all included patients were staged III or IV according to rASRM; **Group II** (control group) -- 85 healthy non-pregnant women aged between 18-40 years old, without clinical and para-clinical evidence of endometriosis, undergoing laparoscopy for unexplained infertility or tubal ligation. Exclusion criteria: patients with previous pelvic surgeries, history of cancer, suspected malignancy, adenomyosis or leiomyoma, pre-surgical suspicion of evidence of premature ovarian failure, or the use of the ovarian suppressive drug, such as oral contraceptives, GnRH agonists, progestins or danazol in the preceding 6 months were excluded from the study. None of the patients had taken anti-inflammatory medications or had been diagnosed with an inflammatory or infectious condition for ≥ 6 months before the study.

The study design was approved by the Local Ethics Committee of "Iuliu Haţieganu" University of Medicine and Pharmacy, Cluj-Napoca, Romania, and signed informed consent was received from each woman before sample collection. The study was conducted under the tenets of the Helsinki Declaration. 10 ml of venous blood was collected from each patient on an empty stomach, which was centrifuged and the serum obtained was stored at --70^o^C for future determinations. 5 patients were excluded from the endometriosis group because not enough blood was harvested at inclusion in the study.

Cytokine evaluation {#S20004}
-------------------

We used multiplex cytokine kits (Invitrogen Human Cytokine 30-Plex Panel, LHC6003) in order to measure serum levels of IL-4. Measurements were performed with a Luminex 200 system (Luminex Corporation, Austin, TX, USA) in accordance with the manufacturer\'s specifications (Invitrogen Corporation, Carlsbad, CA, USA). The sensitivity of the test was specified by the manufacturer (Invitrogen Corporation, Carlsbad, CA, USA). The average sensitivity of the test was \< 0.5 pg/ml, with an inter-assay variation coefficient of 8.7%.

Genomic DNA analysis {#S20005}
--------------------

High molecular weight genomic DNA was extracted from peripheral blood leukocytes, using the QIAamp DNA Blood Mini Kit (Qiagen), according to the recommendations of the manufacturer. Genotyping of the IL-4 polymorphism, located at *-590* in the gene promoter, was performed by polymerase chain reaction (PCR) -- restriction fragment length polymorphism (RFLP), as previously described, with minor modifications \[[@CIT0016]\]. DNA amplification was performed in a final volume of 50 µl, containing 100 ng genomic DNA, 0.25 mM of each dNTP, 0.5 µM of each primer (5'-TAAACTTGGGAGAACATGGT-3' for the upstream primer and 5'-TGGGGAAAGATAGAGTAATA-3' for the downstream primer), 1.25 units of Taq polymerase (JumpStart™ Taq DNA Polymerase, Sigma) and 5 µl of 10X PCR buffer. The concentration of MgCl~2~ was 2.5 mM.

The following thermocycling conditions were used: 5 min at 94°C, followed by 32 cycles of amplification consisting of 45 seconds at 94°C, 45 seconds at 49°C and 45 seconds at 72°C, followed by a final elongation step of 7 min at 72°C, in a S1000 Thermal Cycler (Bio-Rad). PCR products (195 bp) were digested with the restriction enzyme AvaII (New England Biolabs), generating the following fragments: 175 and 20 bp for the homozygous -590 CC genotype, 195, 175 and 20 bp for the heterozygous -590 CT genotype and 195 bp for the homozygous -590 TT genotype. Restriction fragments were separated by electrophoresis on a 3.3% agarose gel and visualized by ethidium bromide staining.

Statistical analysis {#S20006}
--------------------

Statistical analyses were performed using Microsoft Excel, CDC Epi Info 7 and IBM SPSS software (version 22.0). Data were presented as mean ± standard deviation (SD) or absolute and relative frequencies for the groups. Using the Shapiro-Wilk test we found that IL-4 levels displayed a mix of normal and non-normal distributions, therefore the group comparisons were performed with non-parametric tests: Mann-Whitney *U* test for independent samples and Kruskal-Wallis test for multiple group comparison; also Pearson χ^2^ test with and without the continuity correction, and Fisher exact test were used as statistical tests. *P* values less than 0.05 were regarded as significant.

Results {#S0007}
=======

Genotyping by RFLP of the IL-4 -590 C/T polymorphism was successfully achieved for all subjects ([Fig. 1](#F0001){ref-type="fig"}). Genotype frequencies were in Hardy-Weinberg equilibrium in the control group (χ^2^ test *p* = 0.073) but not in the endometriosis group (χ^2^ test *p* = 0.023). The distribution of genotypes and of the allele frequencies in the endometriosis group did not differ statistically from those in the control group (27.5% C/C, 55.0% C/T, and 17.5% T/T versus 40.0, 45.0 and 15.0 respectively) ([Table 1](#T0001){ref-type="table"}). χ^2^ test probability was 0.496, showing no significant differences in genotype distribution, and 0.928 for the presence or absence of the mutant allele. Odds ratio for the presence of the mutant allele was 1.3636 ([Table 2](#T0002){ref-type="table"}).

![Electrophoresis gel image for the IL-4 -590 C/T polymorphism: 1 -- homozygous patient -590 TT, 2-5 -- heterozygous patients -590 CT, 6 -- wild type allele -590 CC](CEJI-41-27899-g001){#F0001}

###### 

Distribution of genotypes and alleles of the IL-4 -590C/T polymorphism in healthy control women and patients with endometriosis

                                    Polymorphism   Allele                              
  ------------------------- ------- -------------- -------- -------- -------- -------- -----
  **Endometriosis group**   n       22             44       14       80       88       72
  \%                        27.5%   55.0%          17.5%    100.0%   46.81%   54.55%   
  **Control group**         n       32             36       12       80       100      60
  \%                        40.0%   45.0%          15.0%    100.0%   53.19%   45.45%   
  **Total**                 n       27             40       13       160      188      132
  \%                        33.8%   50.0%          16.3%    100.0%   58.75%   41.25%   

###### 

Odds ratio for TT and CT genotypes as risk factors for endometriosis

  Polymorphism   OR (95% CI)           χ^2^ p-value
  -------------- --------------------- --------------
  TT vs. CC      1.697 (0.447-6.439)   0.435
  TT vs. CT      0.955 (0.272-3.351)   0.942
  CT vs. CC      1.778 (0.662-4.778)   0.252

OR -- odds ratio; CI -- confidence interval

The Mann-Whitney *U* test shows a significantly higher serum IL-4 level in the endometriosis group (138.459 compared to 84.710 in the control group, *p* \< 0.001). For the IL-4 grouping by case/control the SPSS calculated observed power was 1.000.

No significant difference in IL-4 serum levels between genotypes was observed (Kruskal-Wallis probabilities for comparison inside the endometriosis group, the control group and applied globally were greater than 0.05) ([Table 3](#T0003){ref-type="table"}). For the IL-4 grouping by genotype the SPSS observed power was 0.580 and 0.581 if grouping was done by genotype and case/control ([Fig. 2](#F0002){ref-type="fig"}).

###### 

IL-4 serum levels for each group: comparison by genotypes and alleles

                            Genotypes         Alleles                                                                          
  ------------------------- ----------------- ------------------ ------------------ ------- ---------------- ----------------- -------
  **Endometriosis group**   172.99 (121.90)   131.53 (61.87)     114.86 (55.37)     0.416   150.66 (93.33)   124.86 (58.33)    0.217
  **Control group**         84.73 (2.48)      84.52 (2.00)       85.20 (0.92)       0.519   84.66 (2.28)     84.80 (1.65)      0.241
  **Global**                116.50 (82.62)    110.500 (51.304)   101.169 (42.070)   0.802   113.91 (69.96)   106.709 (47.34)   0.846

SD -- standard deviation

![Median values of IL-4 by genotype](CEJI-41-27899-g002){#F0002}

We have found no significant difference between IL-4 serum levels corresponding to different alleles (Mann-Whitney *U* probabilities for comparison inside the endometriosis group, the controls group and applied globally was greater than 0.05) ([Table 3](#T0003){ref-type="table"}). In the case of IL-4 grouping by alleles, SPSS observed power was 0.290, and 0.295 if grouping was done by genotype and case/control ([Fig. 3](#F0003){ref-type="fig"}).

![Median values of IL-4 by allele](CEJI-41-27899-g003){#F0003}

Discussion {#S0008}
==========

Endometriosis is a common gynecological disease involving the presence of endometrial tissue outside the uterus, and despite intensive research, the cause of endometriosis remains unknown. Different theories on the endometriosis pathogenesis involve growth factors and pro-inflammatory or anti-inflammatory cytokines associated with the regulation of cell multiplication and neoangiogenesis. It has been suggested that immunological abnormalities are associated with the presence and development of endometriosis \[[@CIT0018]--[@CIT0020]\], and a role of cytokines \[[@CIT0021]\] was emphasized, high levels of many interleukins being found in patients with endometriosis \[[@CIT0009], [@CIT0022], [@CIT0023]\]. A recent study by Podgaec *et al*. has described an increased level of IFN-γ and IL-10 in patients with endometriosis \[[@CIT0009]\] with a predominance of IL-4 and IL-10 when considering the ratio between cytokine levels, thus reflecting a potential shift towards Th2 immune responses. On the other hand, genetic and hereditary basis for endometriosis was previously evidenced by Bellelis *et al*. \[[@CIT0024]\]. It is understood that cytokine gene polymorphisms could affect the serum levels of cytokines by influencing transcriptional regulation. The role of single-nucleotide polymorphisms (SNPs) in some immunological disorders has been previously reported \[[@CIT0025]--[@CIT0027]\], and some exact genetic polymorphisms have been identified in relation with endometriosis.

The present study has investigated a possible association between IL-4 *-590C/T* genetic polymorphisms and endometriosis, and whether IL-4 serum levels are modified in patients with advanced endometriosis. The results showed a significantly higher serum level of IL-4 in patients with advanced endometriosis compared to healthy controls, thus suggesting an association between the IL-4 serum levels and endometriosis. The study did not find any association between severe endometriosis and the presence of IL-4-*590C/T* promoter polymorphism.

A series of studies performed in the last decade emphasized the changes in the PF and serum cytokines levels from endometriotic women. Particularly, a recent study has found significantly higher concentrations of PF and serum IL-4 \[[@CIT0013]\]. Moreover, Antsiferova et al. have found that endometriosis development is associated with an increased intra-cellular mRNA expression and synthesis of IL-4 and IL-10 in peripheral lymphocytes. Also, the same changes were observed for IL-4 in ectopic endometrium of women with endometriosis \[[@CIT0028]\], and an increased IL-4 production in peritoneal fluid of patients with endometriosis which normalized after hormone therapy \[[@CIT0029], [@CIT0030]\]. At the same time, other authors did not observe any significant difference in serum and PF IL-4 levels between normal and early- and late-stage endometriosis \[[@CIT0031]\]. Our results are confirming some of the previous studies as we also found an increased IL-4 serum level in patients with endometriosis.

Regarding genetic involvement, to our knowledge, there are only two previous studies focusing on IL-4 genetic polymorphism and association with endometriosis. Both Kitawaki *et al*. and Hsieh *et al*. found no association between IL-4 -*590C/T* polymorphism and the presence or the severity of endometriosis, though both studies were done on patients of Asian origin. Our study confirms the same results, adding to the previous ones the fact that it included patients of Caucasian origin.

A limitation of our study could be the lack of differentiation between patients with ovarian endometrioma (OE) and patients with deep infiltrating endometriosis (DIE). Due to the profile of our clinic, all included patients were diagnosed with OE with or without associated DIE, and not only DIE patients. Ovarian endometrioma and DIE are considered two distinct entities of endometriotic disease, and thus endometriosis can progress to cystic ovarian disease and pelvic adhesions in some women, and to deeply infiltrating disease in other women, and sometimes to both stages of severe disease in the same woman \[[@CIT0032]\]. Studies on pro-inflammatory cytokines showed differences between patients with OE and DIE. In consequence, some differences could be present in relation with anti-inflammatory cytokines as well, and so our results regarding IL-4 serum levels could be influenced by the lack of cleavage of the two forms of the disease. A strength of the present study could be represented by the fact that all included patients were of Caucasian origin, while the previous studies used only patients of Asian origin. It is worth highlighting that a genetic association, although valid for a specific ethnic population, may not be relevant to individuals of another ethnicity.

In conclusion, our study demonstrates a higher serum level of IL-4 in patients with advanced stages of endometriosis compared with patients free of disease. At the same time, we have shown that the *-590C/T* polymorphism of the IL-4 gene is not associated with advanced stage endometriosis, suggesting no involvement for this polymorphism in the pathogenesis of endometriosis. Although our study, together with the previous ones, shows the same non-involvement result for IL-4 genetic polymorphism in the susceptibility to endometriosis, the higher serum level of IL-4 in patients with endometriosis, points to the necessity for further studies to elucidate the role of IL-4 in the pathogenesis of this vicious disease.

Identifying factors that contribute to the pathogenesis of endometriosis could have practical importance in selecting subjects at risk and possibly those predisposed to more severe forms. At the same time, excluding some of the possibly involved factors narrows the search to a possible prediction factor for endometriosis. Further studies with a larger number of patients and different ethnic groups are required for a better understanding of the endometriosis pathogenesis.
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